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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(A) Student Instruction Sheet  

 
Instructions: 
 
For this activity, you will be placed in the role of scientist and engineer.  Have you ever 
wanted to travel to Mars or maybe wondered what goes into the planning the mission to 
Mars?  You and your team will design a potential mission to Mars.  Just like the NASA 
mission designers, you will have a “catalog” of mission hardware from which you can 
choose.  Also, just like the NASA mission designers, you will have budgets (mass, 
power and cost) that you must keep balanced.   
 
Your mission will include the following 4 tasks: 
 

1. Categorize current NASA mission goals for Mars; 
 

2. Collaborate with your team in establishing your goals for the mission in alignment 
with NASA Mars Exploration Program Goals; 

 
3. Design a mission that meets the requirements for balancing budget, mass, and 

power, achieves significant science return, and makes it safely to the planet; and, 
 

4. Identify any engineering constraints that limited the capability of your mission. 
 
Good luck planning your mission to Mars! 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(B) Student Worksheet.  Pre-Ideas (1 of 2)  
 
Please respond to the following questions as accurately and completely as you 
can.   
 

1. What do you think would be the hardest part or parts of planning a mission to 
Mars? Explain why you think these items will be so difficult. 
 

	
  
	
  

	
  

	
  

	
  

	
  

 
2. Define what you think a “good” mission to Mars would be and what the important 

elements of the mission during the planning are. 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(B) Student Worksheet.  Pre-Ideas (2 of 2) 
 

 

3. Do scientists and engineers get everything they need and/or want when they are 

planning their missions?  __________  

4. Explain the reasons you think they do or do not get everything they request.   
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(C) Student Worksheet.  Activity 1 Fact Sheet 

 
NASA Strategies and Goals for the Exploration of Mars 
 
Thousands of questions could be asked about Mars alone, so NASA has organized its 
program for Mars exploration around a common strategy.  This strategy is the thread 
that ties together all four of NASA’s main goals for Mars exploration.  When designing a 
mission to Mars, mission planners define many science objectives related to each of the 
four science goals.  These science objectives reflect questions about the planet that 
they would like the mission to answer.   
 

Guiding Mars Exploration Program Strategies 
 

Past:   “Follow the Water”  Found evidence of water, past and present 
Current:     “Seeking Signs of Life”   Search for bio-signatures and return samples 

Mars Exploration Program Goals 

DETERMINE IF LIFE EVER AROSE ON MARS 

Key Mars Discoveries:   
A Springboard to the Future 
 
• Complex geological and climate 

history 
 

• Diversity of ancient water-rich 
environments 

 
• Environments that have potential 

to preserve bio-signatures 
 
• Cold, dry planet today still 

changing 
 
• Widespread subsurface ice 

provides resources for exploration 
and special environment for 
possible life today 

CHARACTERIZE THE PAST AND PRESENT 
CLIMATE OF MARS 

CHARACTERIZE THE GEOLOGY OF MARS  

PREPARE FOR HUMAN EXPLORATION  
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(D) Student Worksheet.  Activity 1: Sample Science Objectives (1 of 3) 

 
Sample Science Objectives for Mars Missions 
 
Here you will find a list of some of the science questions being studied by Mars 
scientists that can be selected as mission objectives—questions to be answered.  For 
each science objective, place a checkmark in the box matching the Mars Exploration 
Program Goals that you think it matches.  Keep in mind that each objective may apply to 
more than one of the four goals.  Discuss with your team why you think each of these 
topics might be important.  Write these reasons into the justification column of the table. 
 

Science 
Objective 

Mars Exploration Program Goals 

Justification Determine if 
life ever 

arose 

Characterize 
the climate 

Characterize 
the geology 

Prepare for 
human 

exploration 
Craters      
What kinds of 
craters are on 
Mars and how 
did they form? 

     

How old are the 
craters on Mars? 

     

How are Martian 
craters different 
from craters on 
the Moon? 

     

Have Martian 
craters been 
eroded by wind 
or water? 

     

Were some of 
the craters on 
Mars ever 
flooded? 

     

What kinds of 
rocks make up 
the ejecta from 
Martian craters? 

     

Has the amount 
of cratering on 
Mars changed 
over time? 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(D) Student Worksheet.  Activity 1: Sample Science Objectives (2 of 3) 

Science 
Objective 

Mars Exploration Program Goals 

Justification Determine 
if life ever 

arose 

Characterize 
the climate 

Characterize 
the geology 

Prepare for 
human 

exploration 
Volcanoes      
What types of 
volcanoes are on 
Mars? 

     

Does Mars have 
moving 
continental 
plates? 

     

When/how often 
did the Martian 
volcanoes erupt? 

     

Have Martian 
volcanoes been 
eroded by wind or 
water? 

     

Did the lava from 
Martian 
volcanoes mix 
with water? 

     

Plains      
Were the 
northern plains on 
Mars once a huge 
ocean? 

     

Why is the 
northern 
hemisphere of 
Mars so smooth 
and flat, while the 
southern is so 
cratered? 

     

Polar Caps      
What are ice caps 
on Mars made 
of? 

     

How do the ice 
caps change 
throughout the 
Martian year? 

     

What are the dark 
lands/ features 
seen on Martian 
ice caps? 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(D) Student Worksheet.  Activity 1: Sample Science Objectives (3 of 3) 
 

Science 
Objective 

Mars Exploration Program Goals 

Justification Determine if 
life ever 

arose 

Characterize 
the climate 

Characterize 
the geology 

Prepare for 
human 

exploration 
Canyons      
What formed the 
canyon systems 
on Mars? 

     

Did water ever 
flow through the 
canyons? 

     

Have the 
canyons been 
eroded by wind 
or water? 

     

Were some of 
the craters on 
Mars ever 
flooded? 

     

What kinds of 
rocks make up 
the ejecta from 
Martian craters? 

     

Has the amount 
of cratering on 
Mars changed 
over time? 

     

 
Take a few minutes, and with your team, write 3 of your own science questions (science 
objectives).  Which Mars Exploration Program Goal does your question fall under and why? 
 

Question (Science Objectives) Mars Exploration Program Goals 
LIFE CLIMATE GEOLOGY HUMAN 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 

(E) Student Worksheet.  Activity 2:  Identify Your Mission Goals  
 
In (D) Activity 1, you classified a number of science objectives according to NASA’s Mars 
Exploration Program goals.  Your task for this activity is to select the science objective that you 
hope to achieve with your mission. 
 
Using the list in (D) Activity 1 (including the objectives you created yourself), choose five science 
objectives for your mission.  When your team has agreed upon the science objectives for your 
mission, record them in the table below.  Record your team’s reasons for why each objective is 
important.  Be sure to explain how your objectives fit into NASA’s Mars Exploration Program 
goals.  
 
After discussing them with your team, rank your five science objectives from 1 to 5 in order of 
importance to your team (1 being the most important).  Ignore the final column for now.  
 

Our mission will be (Circle one) 
 

 
FLY-BY 

 

 
ORBITER 

 
LANDER 

 
Rank 
Order 
(1-5) 

Goal Reason Dropped 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(F) Student Worksheet.  Activity 3: Building Your Spacecraft Fact Sheet 
 
It is now time to build the spacecraft you will use to accomplish your mission objectives.  Use 
the equipment cards and poster to complete this simulation.  You will work with your team to 
design a spacecraft by assembling the cards that represent each system involved in your 
mission.  Read each card carefully to make sure you have all of the required systems onboard 
your spacecraft. 
 
Remember, your objective in this activity is to design a spacecraft with your team that stays 
under budget, is launchable, and meets your science goals.  Your teacher will determine the 
budget of your mission and guide you through the initial steps of your mission design.  You will 
need to record your design in the Spacecraft Design Log on the next page.  You may go back 
at any time to change your science goals and your design.  In the end, you should have a good 
balance between meeting your science goals and satisfying your engineering constraints. 
 
 
 
 
Example Spacecraft Design Log:  
 
 
System Spacecraft Component Budget 

 
 250 

Mass 
 

125 

Power  
 

50 
Launch 
 

Medium-Lift Rocket A -100 0 0 
100 125 50 

Rocket Nose Cone -10 -7 0 
 90 118 50 

Power Fuel Cell -40 -25 0 
 50 93 50 

 
 

  

The systems’ 
names have 
been filled in. 

Fill in the name of the 
item chosen.  Erasures 
and changes may be 
necessary along the way.  

Your teacher will give 
you your budget. 

Mass is 
determined 
by the rocket 
system and 
Power is 
determined 
by the power 
system that 
you choose. 

The white boxes contain the cost, 
mass, and power for each card to 
be subtracted from your remaining 
budget.  The blue box is the 
remaining budget after subtraction.	
  

	
  Cost in millions        Mass       Power       Science Return 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(G) Student Worksheet.  Activity 4:  Spacecraft Design Log (1 of 2)  
 

Spacecraft Design Log 
System Spacecraft Component Budget Mass Power Science 

Return 
Launch 
 

     
    

     
    

Power      
    

     
    

Computer      
    

     
    

Communica-
tions 

     
    

     
    

     
    

Mobility       
    

Entry, 
Descent & 
Landing 

     
    

     
    

     
    

     
    

Science 
Instruments 

     
    

     
    

     
    

     
    

     
    

Mechanical      
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(G) Student Worksheet.  Activity 4:  Spacecraft Design Log (2 of 2)  

Mission Metrics 
 

Special Events and Launch Budget Mass Power Science Return 
Final Mission Costs  
(Record from the last row in 
the Spacecraft Design Log) 

    

Special Event Card Selected 
 
 

    

Final of Totals of Mission 
Design Categories 

    

 
 
1.  How did your final “Risk” card affect your mission? 
 
 
 
 
 
 
 
 
 
 
 
2.  Did your mission have a successful launch?  (Circle one)   Yes       No 
 
3.  What are your thoughts about what you think of mission designs after this 

simulation? 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(H) Student Worksheet.  Activity 4:  Engineering Constraints  

 
Engineering constraints are limits placed on your mission by the hardware you use to 
accomplish the mission. 
 
With your team, recall the MARSBOUND! Simulation and brainstorm at least 3 hardware 
limitations you encountered along the way.  For each of these encounters with constraints, 
describe how your team went about reworking your mission to accommodate these limitations. 
 
                          Engineering Constraints and Accommodation List 
 

 Hardware #1 Hardware #2 Hardware #3 

H
ar

dw
ar

e    

Co
ns

tr
ai

nt
    

A
cc

om
m

od
at

io
n 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(I) Student Worksheet.  Activity 4:  Identifying Constraints in other Missions  

 
To complete this activity, you will watch a NASA video on a current Mission to 
Mars. 
 
Identify at least 2 engineering constraints from the current Mission to Mars. 
 
1.____________________________________________________________________     

2.____________________________________________________________________ 

 
For each constraint and using what you have learned in this activity, what 
accommodations do you think NASA has probably made for this mission to make 
it successful? 
 

1.____________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________ 

 
2.____________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

_____________________________________________________________________ 
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(J) Student Worksheet.  Post-Ideas (1 of 2)  
 
Based on the MARSBOUND! simulation, please respond to the following 
questions as accurately and completely as you can.   
 
1. What do you think would be the hardest part or parts of planning a mission to 

Mars? Explain why you think these will be so difficult. 
 
 

	
  

	
  

	
  

	
  

	
  

	
  

	
  

 
2. Refer back to your response to #1 in the Pre-Survey.  Was your prediction 

accurate?  ______ What reasons do you think caused allowed the prediction to 
be accurate or inaccurate?  
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(J) Student Worksheet.  Post-Ideas (2 of 2) 
 

 

3. Define what you think a “good” mission to Mars would be?  Why?  

 
	
  

	
  

	
  

	
  

	
  

	
  

	
  

 
4. Do scientists and engineers get everything they need and/or want when they are 

planning their missions?  __________.   
 
5. Explain why you think they do or do not get everything they request.   
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LESSON 7:  MARSBOUND!  MISSION TO THE RED PLANET Student Guide 
(K) Student Fact Sheet.  Comparing Two Mars Rover Projects   
	
  
 

 
 
	
  
	
   	
  


